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AIM Methodology Improves Confidence More Rapidly & Effectively by
Analysis Supported By Test / Demonstration -

FocusingFocusing on the Designer Knowledge Base Needs

What AIM Enables Time to Insertion Readiness

R
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by  Extensive Testing Supported by Analysis: 
Too Often Misses Material Insertion Windows Too Often Misses Material Insertion Windows 
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Accelerated Insertion of Materials

Time to Insertion Readiness
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Traditional Building Block Approach Improves Confidence 

Benefits
50% Time Reduction
33% Cost Reduction



AIM-C

DARPADARPADARPA

RDCS/DOME Framework

Structure
Models

(Science Based)

Material & Process
Models

(Science Based)

Producibility
Models

(Science Based)

Heuristic
Models

Data Bases

Methodology

Methodology is the Foundation of the 

AIM-C Comprehensive Analysis Tool
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Technology Transition Plan

AIM Product 
Development

AIM Product 
Verification

AIM Product 
Demonstration

AIM Product 
Validation

AIM Product 
Implementation

AIM Product 
Refinement

Optional Program Phase II

Implementation Team

Commercialization Team

Certification Team

Design Team

Customer Team

Basic Program
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DESIGN TEAM’S NEEDS

Requirements are Multi-Disciplined
Structural

• Strength and Stiffness
• Weight
• Service Environment

– Temperature
– Moisture
– Acoustic
– Chemical

• Fatigue and Corrosion
Resistant

• Loads & Allowables
• Certification

Structural
• Strength and Stiffness
• Weight
• Service Environment

– Temperature
– Moisture
– Acoustic
– Chemical

• Fatigue and Corrosion
Resistant

• Loads & Allowables
• Certification Material & Processes

• Development Cost
• Feasible Processing 

Temperature and Pressure
• Process Limitations
• Safety/Environmental Impact
• Useful Product Forms
• Raw Material Cost
• Availability
• Consistency

Material & Processes
• Development Cost
• Feasible Processing 

Temperature and Pressure
• Process Limitations
• Safety/Environmental Impact
• Useful Product Forms
• Raw Material Cost
• Availability
• Consistency

Manufacturing
• Recurring Cost, Cycle 

Time, and Quality
• Use Common Mfg.

Equipment and Tooling
• Process Control
• Inspectable
• Machinable
• Automatable
• Impact on Assembly

Manufacturing
• Recurring Cost, Cycle 

Time, and Quality
• Use Common Mfg.

Equipment and Tooling
• Process Control
• Inspectable
• Machinable
• Automatable
• Impact on Assembly

Supportability
• O&S Cost and Readiness
• Damage Tolerance
• Inspectable on Aircraft
• Repairable
• Maintainable

– Accessibility
– Depaint/Repaint
– Reseal
– Corrosion Removal

• Logistical Impact

Supportability
• O&S Cost and Readiness
• Damage Tolerance
• Inspectable on Aircraft
• Repairable
• Maintainable

– Accessibility
– Depaint/Repaint
– Reseal
– Corrosion Removal

• Logistical Impact
Miscellaneous

• Observables
• EMI/Lightning Strike
• Supplier Base
• Applications History
• Certification Status

– USN
– USAF
– ARMY
– FAA

Miscellaneous
• Observables
• EMI/Lightning Strike
• Supplier Base
• Applications History
• Certification Status

– USN
– USAF
– ARMY
– FAA

Risk in Each Area is Dependent Upon Application’s Criticality and
Material’s Likelihood of Failure
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AIM-C

http: darpa.org/aim.navy.mil

Home

Save and Close

Application

Assembly

Design

Mat’l & Proc

Fabrication

Strength

Certification

Quality

Supportability

Cost

Schedule

Legal/Rights

Compute Results Save & CloseEdit Existing File

Methodology

Process

New Features
Chemistry to Component in the

Shortest Time at Acceptable Risk

Home

Output

fiber and interface
10-6m

lamina 10-3m

Accelerated Insertion of MaterialsAccelerated Insertion of Materials

resin 10-9 m

assembly 10+2 m

laminate 10-2 m
structure 1 m

Welcome to AIM-C Program

GP14294002.GP14294002.pptppt

Conceptual Vision of the AIM-C CAT
User Interface
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Drivers of Cost, Schedule, Technical OutcomesDrivers of Cost, Schedule, Technical Outcomes

Related TestsRelated Tests

Recommended 
Analysis Methods
Recommended 

Analysis Methods

Recommended 
Demonstration 

Features

Recommended 
Demonstration 

Features

Further considerations

• More interrogations

• Links to related lessons learned

• Links to more information

Further considerations

• More interrogations

• Links to related lessons learned

• Links to more information

Example of an Output Screen for the AIM-C CAT
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AIM-C

Welcome to AIM-C Program

http: darpa.org/aim.navy.mil

Home

Application

Assembly

Design

Materials

Fabrication

Strength

Certification

Quality

Supportability

Cost

Schedule

Legal/Rights

Compute Results Save & CloseEdit Existing File

σ11 (ksi) σ22 (ksi) σ33 (ksi) σ23 (ksi) σ13 (ksi) σ12 (ksi)

235.1 7.32 7.32 11.6 11.6 11.6 
 

Tensile

Compressive

α1 (in/in/0F) α2 (in/in/0F) α3 (in/in/0F)

4.0 X 10-7 2.0 X 10-5 2.0 X 10-5OutputOutputOutput

E 11 (m si) E 22 (m si) E33 (m si) E 11 (m si) E 22 (m si) E 33 (m si) υ 23 υ 31 υ 12

24.367 1.347 1.347 22.946 1.347 1.347 0.325 0.325 0.325

Young’s Moduli (tensile)      Young’s Moduli (compressive)      Poisson’s Ratio

E 11 (m si) E 22 (m si) E33 (m si) E 11 (m si) E 22 (m si) E 33 (m si) υ 23 υ 31 υ 12

24.367 1.347 1.347 22.946 1.347 1.347 0.325 0.325 0.325

Young’s Moduli (tensile)      Young’s Moduli (compressive)      Poisson’s Ratio

σ11 (ksi) σ22 (ksi) σ33 (ksi) σ23 (ksi) σ13 (ksi) σ12 (ksi)

370.6 7.32 7.32 11.6 11.6 11.6

Example of an Output Screen for the AIM-C CAT
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An Instance of Modern Design Framework

Material Models

Cost Analysis

Life Prediction Models

Aerodynamics
Stress Analysis

Risk/Life 
Management

PARAMETRIC MATH MODEL

Manufacturing

RDCS  System  Director

Deterministic
Optimization

Probabilistic
Analysis

Probabilistic
Sensitivities
& Scans

Alpha Release 1997

TaguchiDesign 
Scans

Probabilistic
Optimization

Beta Release 1998

Sensitivity
AnalysisDeterministic

Design

Typical Case
Worst Case

Sensitivity
Variable Ranking

Design Space Exploration
Response Surface

Robustness
Nominal Design Point

Min cost, Weight
Max Performance

Risk
Reliability

Reliability 
Based Ranking

Min Cost, 
Weight
Max Reliability

Ver. 1 and Beyond 
Release

DARPA Cooperative Agreement    7/96 - 12/99 ($6 M)



AIM-C

DARPADARPADARPA

Leading edge

Front spar
Wing skin

• User Isolated from Intense 
Interaction with Multiple Codes

• Computer (time) intense

• Automated Data Reduction and 
Graphics

• Labor-Intense Data Reduction

• 28-Hrs. Actual Labor to Complete• 216-Hrs Actual Labor to Complete 

• 1-2 Weeks Calendar Time to 
Set-Up and Solve

• 4-Months Calendar Time to 
Set-Up and Solve

• 127-runs for Sensitivity Analysis 
and Design Scan

• 32-Runs for Simple DOE

Integrated with RDCSConventional Approach

RDCS Sensitivity Analysis Plus 
Design Scan

767-400 Raked Wingtip Front Spar
DOE Sensitivity Analysis

AIM-C CAT Benefits:  COMPRO Integration with 
Robust Design Computational System (RDCS)
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“Building Block” Test Program

• Repair
• Physical/

Chemical/
Processing

• Environmental
Effects

• Mechanical
Properties

• Statistical
Knockdown

• Fatigue Scatter
• Effects of Defects

• Metals
• Composites

• Process
Development

• NDT
Standards

• Design Details
• Damage

Tolerance
• Repair
• Validation of

Analysis
Methodology

• Fatigue
• Static
• Acoustic

• Configuration
Details

• Damage
Tolerance

• Static
• Fatigue
• Repair
• Validation of

Analysis
Methodology

• Static
• Fatigue
• Drop
• Dynamics

• Flight Test
• Ground

Test

Material
Selection

Manufacturing
Process

Material
Properties

Elements/
Subcomponents

Components

EMD
Aircraft

Certification
Tests

Reproduction
Verification

Full Scale
Laboratory

Material/Process and 
Design Development

Kathryn L. Nesmith, 
Roland Cochran and Denise Wong

May 21-24, 2001

Naval Air Systems Command
Air Vehicle Department
National Conference
Jacksonville, FL
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Small Portion of ONR Protocol
N00014-97-C-0417

K e y  

!  -  M u s t  e v a lu a te  a m o u n t  o f  te s t in g  r e q u e s te d  t o
a d d r e s s  th is  is s u e .  N o  te s t in g  r e q u ir e d  m a y  b e
a n  a c c e p t a b le  a n s w e r .  T e s t in g  a m o u n t
d e p e n d e n t  u p o n  c o n t r a c tu a l r e q u ir e m e n t ,
a p p lic a t io n ,  c o m p le x ity  a n d  le v e l o f  a c c e p ta b le
r is k

Q  –  T y p ic a l ly  r e q u ir e d  fo r  q u a li t y  c o n t r o l te s t in g  o f
e a c h  b a tc h  o f  m a te r ia l f a b r ic a te d

-  T e s t  n o t  r e q u ir e d .  I d e n t i f ie d  c h a n g e  is  n o t
-  a n t ic ip a te d  t o  a f fe c t  th is  p r o p e r ty  o r  a  r e la te d

p r o p e r ty  w il l  id e n t i fy  th is  m a te r ia l a s  n o t
b e in g  e q u iv a le n t .

N
ew

 F
ib

er
, N

ew
R

es
in

, N
ew

 A
irf

ra
m

e

N
ew

 F
ib

er
,

N
ew

 R
es

in

N
ew

 R
es

in
,

B
as

el
in

e 
Fi

be
r

N
ew

 F
ib

er
,

 B
as

el
in

e 
R

es
in

N
ew

 P
ro

ce
ss

,
 B

as
el

in
e 

Fi
be

r &
 R

es
in

N
ew

 P
re

pr
eg

 S
up

pl
ie

r,
B

as
el

in
e 

F 
&

 R
 (m

ix
es

)

N
ew

 P
re

pr
eg

 S
up

pl
ie

r,
 B

as
el

in
e 

F 
&

 R
 (b

uy
s)

N
ew

 F
ib

er
 li

ne
,

 B
as

el
in

e 
Fi

be
r

N
ew

 P
A

N
 li

ne
,

 B
as

el
in

e 
Fi

be
r

M
od

 to
 Q

ua
l. 

Fi
be

r
 L

in
e ,

 B
as

el
in

e 
Fi

be
r

F ib e r  C h a r a c te r iz a t io n ! ! Q ! Q Q Q ! ! !

R e s in  C h a ra c te r iz a t io n ! ! ! Q Q ! Q Q Q Q

In te r fa c e  C h a r a c te r iz a t io n ! ! Q ! Q Q Q ! ! !

C h e m ic a l ! ! ! Q ! ! Q Q Q Q

P h y s ic a l ! ! ! ! ! ! ! ! ! !

N o m in a l C u r e  P r o c e s s ! ! ! !

N o m in a l N D E  P r o c e s s ! ! !

M e c h a n ic a l  ( L a m in a ) ! ! ! ! ! ! ! ! ! !

S t r u c tu r a l P r o p e r t ie s  ( S ta t ic )
U n n o tc h e d  T e n s io n ! ! ! ! ! ! ! ! !

U n n o tc h e d  C o m p r e s s io n ! ! ! ! ! ! ! ! ! !

P in  B e a r in g ! ! ! ! ! ! !

F le x u r e  ( w /  &  w /o  h o le s ) ! ! !

O th e rs ! ! ! ! ! ! ! ! ! !
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of the Maturation Process Simultaneously

Development Feasibility Practicality Application

Customer

Design

Business

Vendor
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•Input Material Properties

• Test methods – accuracy, repeatability 

• Distribution – data correlation,  population

Example:
Fiber properties
single fiber tests not practical
Laminate tests performed, fiber 
properties calculated.

Specification
Limit

Example:
Actual data may not be ideal distribution 
shape,  Distribution of material actually 
used may be truncated by specification 
acceptance criteria

Level
Po

pu
la

tio
n

Probability 
characterization 
for AIM input 

5 µm 
diameter

0.1”  x 1.00”

Uncertainty Management
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Strain (to failure 
– linked to 
strength)

Strength (to 
failure)

Modulus (E11, 
E22)

Coefficient of 
thermal 
expansion, α1, 
α2

Models almost 
always assume no 
temperature or 
moisture effect.

Uncertainty due to lack of 
knowledge 
(Epistemic 
uncertainty) 

inadequate 
physics models
information from 
expert opinions.

Lack of direct 
measurement 
techniques; property  
is measured on a 
lamina/laminate 
basis.

Known Errors 
(acknowledged)

e.g. round-off 
errors from 
machine arithmetic, 
mesh size errors, 
convergence errors, 
error propagation 
algorithm

Back-calculation 
values based on 
micromechanics.  
Complex experimental 
methods. 

Batch to batch 
variation in material, 
arising from 
variations in PAN 
precursor, and 
carbonization process

Mistakes (unacknowledged 
errors)

human errors e.g error 
in input/output, 
blunder in 
manufacturing

Inherent variations associated 
with physical system or the 
environment (Aleatory
uncertainty)

Also known as 
variability, stochastic 
uncertainty

E.G. manufacturing 
variations, loading 
environments

Uncertainty - Modeling of the Fiber
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•Accuracy of physics

• Use of models outside of known limits 

• Code Bug
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Example: Physics of cure-
hardening linear elastic versus fully 
viscoelastic

Example: The tool surface finish is 
not uniform for a tool or between 
tools.
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Example: Autoclave heat transfer 
equation is used outside of known 
limits

ER

α

Example: Unknown mistake in 
calibrating DSC leads to wrong 
heat of reaction and incorrect 
temperature history

Uncertainties Introduced in Modeling



AIM-C

DARPADARPADARPA

Obtaining Design Values from Mixed Test and Analysis Data

Temperature

Fa
ilu

re
 S

tra
in

Coupon Test

Coupon Test

Analytical
Simulation

Lamina/Laminate Test
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The AIM-C Product

Design IPT

User Interface
Interview Format or

Direct Input Mod

Internet Format 
GUI

Direct Input Mod 
GUI

RDCS 
Inputs

RDCS/DOME 

RDCS 
Results

Current
Previous

Materials
Module 

Structures
Module

Process
Module

Produc.
Module

Input ErrorsInput Errors

Insufficient DataInsufficient Data

Erroneous Data
Selections from

Database

Erroneous Data
Selections from

Database

Physics 
Modeling 

Errors

Physics 
Modeling 

Errors

Physics to 
Math Modeling 

Errors

Physics to 
Math Modeling 

Errors

Numeric
Round-off 

Errors

Numeric
Round-off 

Errors

Constraint
Modeling 

Errors

Constraint
Modeling 

Errors

Interpretation 
Errors

Interpretation 
Errors

Discetization 
Errors

Discetization 
Errors

Internal Sanity Checks
And User Checks Allowed
At Every Step of the Way

Internal Sanity Checks
And User Checks Allowed
At Every Step of the Way
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Basic Product Architecture Backbone in Place
Limited Heuristic Link to Methodology
Modules Very Limited Utility
No AIM User Interface / Use existing DOME

and RDCS interfaces

Optional Product Architecture with Moderate Robustness
Firm Heuristic Link to Methodology
Modules with Validated Functionality
Internet User Interface for Input

Phase II Product Architecture Robust
Firm Heuristic Link to Methodology
Modules with Complete Functionality
Internet User Interface for Real Time Input / 

Output Manipulation Capability

The Development Path of the AIM-C CAT
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Industry Benefits from AIM

• Cost, schedule, 
performance with 
confidence factor

• Focus based on needs
• Knowledge management 

– orchestrated models, 
simulations, experiments 
to maximize useful 
information

• Built on building block 
methodology while 
facilitating discipline 
integration

• Internet access

• Path from criteria based 
to probabilistic based 
approaches 

• Platform support for 
changes – bill of 
materials, pedigree, re-
certification

• Design process 
application

• The best of emergent 
modeling and explicit 
modeling

• Applications to other 
problem sets

Improve productivity, facilitate radically new approaches to 
material insertion


